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2INTRODUCTION
A primary goal of Conservation Biology is to gain an understanding of how
human-induced alterations of the landscape influence the residual biotic communities
(Soul6 1986, Wiens 1996). A related goal includes the documentation of these influences
with appropriate research and the subsequent prioritization of conservation efforts aimed
at reducing or ameliorating any negative effects. One form of laiindape altL:iaLui,
habitat fragmentation, has become a leading conservation issue (Wilcove et al. 1998). A
vast amount of research has been directed at determining both local and regional effects
of fragmentation on populations of organisms in the remnant habitat patches.
The fragmentation of habitat results in a reduction of habitat, patchiness of
habitat, and isolation of remnant habitat patches from each other. The resulting
landscape, particularly the land use in the matrix surrounding the remaining habitat, can
have a profound influence on those organisms remaining in remnant patches. The
fragmentation of forested habitat (both bottomland and upland) has been blamed, in part,
for the long-term population declines of several species of neotropical migratory
songbirds (Robinson and Wilcove 1994, Robinson et al. 1995a, Rodenhouse et al. 1995).
When forests are fragmented by non-forest land use (e.g., row-crop agriculture, pasture,
urban development), the remaining tracts of forest may be too small and some species of
bird may become absent or less abundant ("area sensitivity"). These fragmented forests
may further act as "ecological traps" for those songbirds that still attempt to breed there
because they often harbor large populations of brood parasitic cowbirds and nest
predators. Nesting success of many species of migrant songbirds may be so low in
fragmented landscapes that it is unlikely that their populations could be self-sustaining
(Brawn and Robinson 1996).
The landscape in the Midwest region of the United States comprises small
fragments of native habitat embedded within a matrix of land use that is predominated by
agriculture and urban development. In Illinois, the landscape is primarily a matrix of
row-crop agriculture and pastures. Based on correlative studies throughout Illinois, row-
crop agriculture and pastures have been associated with low levels of nesting success for
those birds nesting in forests near by (Robinson et al. 1995a). Row-crop agriculture is
associated with high abundances of several species of nest predators (snakes, birds, and
mammals), and rates of nest predation for birds nesting in forests adjacent to these areas
are typically very high (Whitcomb et al. 1981). Pastures are preferred feeding areas for
Brown-headed Cowbirds (Molothrus ater), and birds nesting in forests adjacent to
pastures often experience high levels of brood parasitism (Robinson et al. 1995b).
There are a few areas in Illinois where forests are relatively contiguous,
particularly in southern Illinois. Within these apparently contiguous habitats, however,
relatively small agricultural inholdings still occur, often as long and narrow (100-400 m
wide) strips cutting into the forest along flattened valleys that contain streams. The
influence of these agircultural inholdings on the composition and nesting success of the
avian community residing in the adjacent forests remains largely unknown. Theory
predicts that there may be "edge" or distance effects resulting in lower nesting success
(higher rates of brood parasitism and nest predation) close to, and higher nesting success
far away from the agricultural inholding (Paton 1994). The distances that these potential
edge effects penetrate into the forest are unknown, and may be different for nest
predation and brood parasitism.
The Illinois Chapter of The Nature Conservancy is interested in learning more
about the Illinois portion of the Ozark ecoregion, in particular the western portion of the
Shawnee National Forest now termed internally as the Illinois Ozarks. In particular, the
Conservancy wants to know more about the potential influence of changing land use
patterns in these agricultural inholdings on species that rely on the natural forest. In
response to this need, we conducted this study to determine the influence of relatively
small agricultural inholdings on the avian community in the adjacent forest. This
necessary preliminary research will establish the extent of the effect that the agricultural
inholding has on the nesting success of the birds breeding in the adjacent forest. It will
also provide valuable information that will be used to make recommendations for
managing inholdings to reduce or eliminate any negative effects.
With standardized breeding bird census techniques and documentation of nesting
success during the 1999 breeding season, we addressed the following questions regarding
the influence of agricultural inholdings on the nesting success of birds breeding in the
adjacent forest: 1) What distance or "edge" effects exist for brood parasitism and nest
predation, and how far do they extend into the forest? 2) How does the composition
(number of species and abundances) of the avian community in forests adjacent to the
row-crop agriculture/pasture change with increasing distance from the forest/inholding
5interface? 3) What are the possible solutions to reduce or eliminate any negative effects
of the agricultural inholding?
METHODOLOGY AND STUDY DESIGN
This study took place between 1 May and 15 August of 1999. The Hutchins
Creek inholding in the Western Shawnee National Forest in southern Illinois was selected
as the study area because it possesses the qualities necessary to address the above
questions. The inholding itself extends approximately 8 km north-northwest into the
forest along Hutchins Creek and is bordered on the east by Pine Hills and the Clear
Springs Wilderness Area and on the west by the Bald Knob Wilderness Area. The width
of the inholding tends to increase from north to south and is as narrow as 100 m and as
wide as 800 m. Row crop agriculture is the prevailing land use in the inholding with
corn, soybeans, and winter wheat as the crops being grown.
The upland forest adjacent to the agricultural inholding is dominated by oak-
hickory forests (red and white oak) on the hillsides, ridge tops, and coves, and mixed
hardwoods (e.g., sugar maple, tuliptree and American beech) in wider ravines. The
topography of this forest is very uniform and consists of narrow (< 50 m wide) ridges and
ravines ranging from 800-2,500 m in length running perpendicular to Hutchins Creek.
A total of ten sites within the study area were chosen for the nesting success
portion of the study. Flagged transects were established on each of the 10 sites with
transect points separated by 150 m. Seven sites were ravines that extended from the
6agricultural inholding along Hutchins Creek into the forest 1500-2200 m. Two sites
extended approximately 2000 m along either side of the inholding and 600 m deep into
the adjacent forest. The final site was located within the Pine Hills Forest > 2000 m from
any agricultural land.
The Acadian Flycatcher (Empidonax virescens) was chosen as the focal species
for the nesting success portion of the study. Acadian Flycatchers are abundant
throughout the forest from the forest/agriculture interface to the forest interior. Their
nests are relatively easy to find, and are typically located on the outer tips of tree
branches in the subcanopy or canopy of the forest. Nests of Acadian Flycatchers are
often parasitized by cowbirds, and are vulnerable to a variety of nest predators (birds,
snakes, and small mammals). By concentrating on Acadian Flycatchers, we were able to
obtain adequate numbers of nests within 6 distance categories (0-250; 251-500; 501-
1,000; 1,001-1,500; 1,501-2,000; and > 2,000 m) to determine how distance to
agriculture influenced rates of nest predation and brood parasitism. Data collected on the
nesting success of Acadian Flycatchers can also be compared to the vast amount of pre-
existing data from previous studies conducted in the Shawnee National Forest (1989-
1991), and from other studies completed during the past 15 years throughout the
Midwest.
We searched for and monitored nests of Acadian Flycatchers on the 10 study sites
for the duration of the breeding season (15 May to 15 August). For each nest that was
found, we documented the composition of the clutch (flycatcher and cowbird eggs), the
composition of the brood (flycatcher and cowbird young), and monitored the nest until it
was no longer active (failure caused by nest predation or the successful fledging of
young). We also noted the distance that the nest was from the agricultural inholding and
searched all 10 sites extensively so that nests were found within each of 6 distance-to-
agriculture categories. We calculated daily predation rates (DPRs) for the nests of
Acadian Flycatchers by dividing the number of nest predation events by the number of
nest exposure days within each distance category. These DPRs were compared among
the 6 distance categories using the program CONTRAST (Hines and Sauer 1989). If
there was a significant difference among the 6 categories, we then used CONTRAST to
make pairwise comparisons to test for differences between individual distance categories.
The severity of brood parasitism (number of cowbird eggs per Acadian Flycatcher
nest) was also compared among the six distance categories. For this comparison, a chi-
squared test of independence was used to determine whether or not the observed
frequency of parasitism (parasitized vs. not parasitized) among all distance categories
differed significantly from the expected frequency for all categories (22.7%) assuming
that parasitism was uniform among all distance categories. The expected frequency was
calculated by dividing the total number of parasitized nests by the total number of nests
found for all distance categories combined (20/88=22.7%). This analysis was appropriate
because all parasitized nests received only one cowbird egg and the resulting frequency
and severity were equal. If there was a significant difference among the 6 categories,
then comparisons were made to test for differences between individual categories.
Birds were censussed from 20 May to 30 June throughout each of the 10 study
sites, in one additional ravine, and also within the agriculture itself along Hutchins Creek.
Three observers conducted censuses using a modified version of the point-count method
where observers stop for 6 minutes at points that were 150-300 m apart. At each stop,
observers recorded the species, vocalization (song, call, chip, etc.) or observation,
compass direction, and distance of each bird heard or observed. For cowbirds, we
separately recorded "rattle" calls, which are usually given by females. Relative
abundances and species composition were then compared among distance categories.
RESULTS
Census Data: Point counts were conducted to census the bird community within
the agricultural inholding (21 points), immediately adjacent to the agriculture (26 points),
along transects beginning near the agriculture and penetrating the forest 1,500-2,200m
perpendicular to the agriculture (107 points), and within forest >2,000m from the nearest
agriculture (19 points). We also conducted 18 point counts along the Pine Hills Creek, a
wide and flat ravine that is located >2,000m from any agriculture. The structure of the
avian community is primarily influenced by two features of the landscape in the Hutchins
Creek valley and the surrounding upland forest. These two features include the forest
agriculture interface, and the narrowing of upland forest ravines with increased distance
from the agriculture.
The edge created by the interface of agriculture and forest along Hutchins creek
contains a mixture of those species commonly found in agricultural and in edge-
dominated habitats in general. The species that were present in the agricultural inholding
9(please see Table 1, category A) and typify agricultural land use included Killdeer (see
Table 1 for scientific names), Wild Turkey, Mourning Dove, Eastern Kingbird, American
Crow, Blue Jay, Eastern Bluebird, Red-winged Blackbird, Brown-headed Cowbird,
American Goldfinch, Indigo Bunting, and Chipping and Field Sparrow. It is important to
note that two nest predators (American Crow and Blue Jay) along with the brood parasitic
Brown-headed Cowbird were found in their greatest numbers in the agricultural
inholding itself.
Species that are typical "edge" species were those found more commonly in both
the agriculture and along the forest edge (Table 1, categories A and B) compared to those
areas of the forest farther away from the agriculture (Table 1, categories C-H). Species
associated with the forest agriculture interface included American Crow, Blue Jay, Gray
Catbird, Warbling and White-eyed Vireo, Common Yellowthroat, Yellow-breasted Chat,
Northern Cardinal, American Goldfinch, Blue Grosbeak, and Indigo Bunting. Many of
these species were also present in the interior of the forest at low densities and in
association with natural edges or disturbances (e.g., tree-fall gaps).
Several species of forest songbird were not present along the edge of the
agricultural inholding or were much more common in the forest interior. These species
included Pileated Woodpecker, Great-crested and Acadian Flycatcher, Wood Thrush,
Red-eyed and Yellow-throated Vireo, Cerulean, Worm-eating, and Kentucky Warbler,
Ovenbird, and Scarlet Tanager. Many of these species exemplify the forest interior bird
community for which there is conservation priority, whereas the edge species typically
thrive with little or no conservation effort.
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The forested ravines used for this study were typically wide near the agriculture
and narrower (with steeper sides) with increased distance from the agriculture. This
topographic feature influenced the abundances of many of the forest species, especially
the Acadian Flycatcher, Worm-eating and Kentucky Warbler, and Ovenbird (see Table 1,
categories D-G). These species all decreased in abundance as the ravines penetrating into
the forest terminated at the ridgetop >2,000 meters away (Table 1, category G). It is
likely that the change in topography and related change in tree species composition and
habitat structure influenced the abundances of these species.
The abundance of female Brown-headed Cowbirds was greatest within the
agriculture and within the first 250m of forest (Table 1, categories A and B). A
comparison of the female cowbird abundance with the combined abundance of host
species (those species known to accept cowbird eggs regularly) gives a good general
index of what the community-wide level of parasitism may be (Robinson et al. 2000).
This cowbird-to-host ratio is given for each distance category at the end of Table 1.
Estimates of the predicted community-wide parasitism (cowbird eggs per host nest) that
are expected given a particular cowbird-to-host ratio were calculated (using a model in
Robinson et al. 2000) and are also reported in Table 1.
The general patterns of the cowbird-to-host ratios and predicted levels of brood
parasitism are similar to the actual pattern of brood parasitism we found for Acadian
Flycatchers (see Brood Parasitism below). The cowbird-to-host ratio and predicted
parasitism did not match the observed parasitism for category G in Table 1 (>2,000m).
This is likely a result of our having to pool the Acadian Flycatcher nests from categories
G and H for the analysis of brood parasitism (most nests >2,000m from agriculture were
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located in the Pine Hills Creek ravine). The predicted parasitism is higher in category G
because of the low abundance of cowbird hosts (see above discussion of low abundances
at the ridge top). The cowbird-to-host ratio is useful as a general index and as a tool for
making predictions regarding levels of community-wide parasitism, but it should be used
in conjunction with (not in place of) real data on brood parasitism.
Brood Parasitism: Eighty-eight Acadian Flycatcher nests were included in the
comparison of brood parasitism among distance categories. These nests were all found
during the nest building or early incubation stage of the nesting cycle. All of the
parasitized Acadian Flycatcher nests received one cowbird egg (except for one nest that
received 2) resulting in the severity of brood parasitism (cowbird eggs/nest) being
essentially the same as the frequency of parasitism (proportion of nests parasitized). The
frequency of brood parasitism differed significantly among 6 distance categories and was
highest near the agricultural inholding (Fig. 1). Brood parasitism was highest within the
first 250m, intermediate between 251 and 500m, and relatively low >500m into the forest
away from the agricultural inholding (Fig. 1). Nests that were parasitized (but not preyed
upon) usually produced a cowbird fledgling only and no Acadian Flycatcher fledglings.
Nests not parasitized (and not preyed upon) produced 2-3 Acadian Flycatcher fledglings.
This difference in the successful fledging of Acadian Flycatcher young was the result of a
combination of egg removal by adult cowbirds, reduced hatching success of the
remaining Acadian Flycatcher eggs, and reduced survival of Acadian Flycatcher nestlings
when there is a cowbird nestling present.
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Nest Predation: We included 107 Acadian Flycatcher nests in the analysis
comparing rates of nest predation among different distance categories. All predation
events involved the loss of all eggs or nestlings from a nest. None of the nest predation
events were ever observed directly, but we suspect that the primary predators responsible
were Blue Jays, American Crows, snakes [Black Rat (Elaphe obsoleta obsoleta) and
Speckled King (Laupropeltis getula) snakes), or small arboreal rodents (Peromyscus
spp.). Daily predation rates differed significantly among distance categories and in
general decreased with increasing distance from the agriculture (Fig. 2). An exception to
this general trend was the increase in the >2,000m category. This increase was likely a
consequence of the presence of the Pine Hills road and some associated picnic and
viewing areas (all <iha) that are present along the ridge at the termination of our
transects far from the agriculture. The effect of the road and these small non-agricultural
openings appears to be more localized than that of the agriculture. Higher rates of
predation did not penetrate as far into the forest away from the road (i.e., daily predation
rates drop immediately in the adjacent distance category) when compared to the
agricultural edge. The general pattern of nest predation among distance categories was
also observed along individual transects where enough nests were found within each
distance category to calculate DPRs for each category (Fig. 3). This result suggests that
the distance effect is not an artifact of our experimental design or sampling techniques.
DISCUSSION AND IMPLICATIONS
The bird community differs among the agricultural inholding, the
forest/agriculture edge, and the forest interior in a predictable manner. Hence, a change
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in the land-use within the inholding (e.g., conversion to forest) would lead to predictable
changes in the avian community both within the inholding, and within the forest closest
to the inholding. Changes would be less noticeable within the forest interior. If natural
succession occurred and the inholding transitioned from agriculture to forest, the bird
community would also transition from those species associated with agriculture, to those
associated with edge and second growth, to those associated with forest interior. The
disappearance of those species associated with agriculture would be relatively rapid (few
years). The transition of the bird community through second growth to mature forest
would be longer (decades).
Brown-headed Cowbirds, American Crows, and Blue Jays, found at high
abundances both within the agriculture and within the forest near the agriculture, are
likely associated with the patterns of brood parasitism and nest predation we documented.
Conversion of the inholding to a land-use other than row-crop agriculture or pasture
would likely result in a decrease in the abundances of these species in a relatively short
time (a few years).
We established our forest interior site along the Pine Hills road >1.5km north of a
small campground. The road itself is gravel, has a closed canopy above it, and likely
does not substantially increase the ability of cowbirds to penetrate into the forest. In a
previous study of the nesting success of birds in the Pine Hills area of the Shawnee
National Forest, the frequency of brood parasitism for Acadian Flycatcher nests found
along the Pine Hills road (within 200 m of the road and in the area surrounding a small
campground) was highly variable and was 53, 35, and 17% in 1989, 1990, and 1991,
respectively (Robinson 1992). This earlier research was not specifically designed to test
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for potential distance effects associated with forest/agricultural edges, and it was found
that the mowed grass in the campground served as a feeding substrate for cowbirds and
likely contributed to the relatively high (53% and 35%) frequency of brood parasitism.
In 1999 we stayed >1.5km from the campground to reduce or eliminate any potential
"campground" effect and in 1999 only 15% of the Acadian Flycatcher nests were
parasitized in this site.
A model was developed based on levels of brood parasitism for Acadian
Flycatchers in nine Midwestern landscapes and predicted 40-50% parasitism in
landscapes with little forested habitat, and <10% in landscapes that are entirely forested
(Robinson et al. 1995a). The data from Hutchins Creek demonstrate the variability of
levels of brood parasitism within just one study area (10-57%), and highlight the need to
consider local, regional, and landscape-level effects associated with habitat fragmentation
when writing conservation plans.
It is possible that there is a lot of annual variation in the frequency of brood
parasitism in the area where this study was conducted, and that we happened to study
nesting success in a year when levels were low. A second year of data collected from
these same study sites will give us a better understanding of how consistent the frequency
of brood parasitism is between years. If the distance effect (a decrease in brood
parasitism with increasing distance from the forest/agricultural edge) that we found in
this first year is real, then we should see a similar pattern with subsequent research in the
next breeding season, regardless of whether the overall levels of brood parasitism are
higher or lower next year.
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The patterns for nest predation were similar to those of brood parasitism with two
exceptions. One exception was that high rates of nest predation extended farther (up to
1,000m) into the forest away from the agriculture than did brood parasitism
(approximately 500m). Suitable feeding areas for cowbirds consisted of mowed areas
and exposed soils. There were no cattle or horse pastures within the inholding. It is
possible that the agricultural inholding facilitated the movement of the cowbirds from
more distant feeding areas into the forest and increased the accessibility of the hosts in
the forest along the inholding. It is likely, however, that the frequency of brood
parasitism would be much higher in the adjacent forest if there were cattle or horse
pastures directly within the agricultural inholding. The other exception was that the
gravel road and small mowed viewing/picnic areas in the interior of the forest were
associated with a localized increase in nest predation (within 500m of these areas), but
did not apparently influence brood parasitism. Potential nest predators may use the
gravel road and small open areas as travel lanes or as areas to search for food (especially
along these internal edges). An increase in predator activity along these internal openings
may be associated with the higher rates of nest predation seen in the >2,000m distance
category.
The overall rate of nest predation can be calculated for Acadian Flycatchers for
any given DPR by using the following equation:
1 - [(1 - DPR) 25]
In general, the rates of nest predation >1,000m from the agriculture and >500m from the
gravel road and small openings were low enough (DPR < 0.020 equivalent to an overall
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rate of nest predation that is < 40%) to support nesting success at a level thought to
promote stable or increasing populations in those areas. The higher rates of nest
predation near the agricultural edge resulted in low rates of nesting success near the
forest/agriculture interface and may have offset the higher amount of nesting success in
the forest interior. The overall effects of these differences in nesting success on regional
populations are difficult to ascertain.
A model based on rates of nest predation for Acadian Flycatchers in nine
Midwestern landscapes predicted a DPR of 5-6% in landscapes with little forested
habitat, and 4-5% in landscapes that are entirely forested (Robinson et al. 1995a). These
values are relatively high when compared to the rates in the interior of the forest at the
Hutchins Creek sites, likely as a result of combining sites within landscapes for the
model, and not considering local effects separately. The DPRs for Acadian Flycatcher
nests found along the Pine Hills road (within 200 m of the road and in the area
surrounding a small campground) in a previous study were 1.2, 3.0, and 1.8% in 1989,
1990, and 1991, respectively (Robinson 1992). For all three years combined, the DPR is
2.0% and is similar to rates for the interior forest distance categories (1,000-2,000m) in
1999. Similar to brood parasitism, the data from Hutchins Creek demonstrate the
variability of rates of nest predation within just one study area (1.5-7.8%), and again
highlight the need to consider local effects (e.g., the influence of one specific patch of
agricultural land) associated with habitat fragmentation when planning conservation
efforts.
The area where we conducted this study is less fragmented than most of the
remainder of the forested portion of Illinois, but it is still fragmented by relatively narrow
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agricultural inholdings. These inholdings cause the fragmentation of what would
otherwise be substantial blocks of forest and appear to negatively influence the nesting
success of songbirds up to 1,000m into the forest away from the inholdings. For species
like the Acadian Flycatcher, that migrate from the tropics, have a relatively short
breeding season, are single brooded, and raise few of their own young when parasitized
by cowbirds, the influence of the agricultural inholding may be especially detrimental.
The agricultural inholding has a cumulative negative effect on the nesting success
of birds in the adjacent forest. Rates of both nest predation and brood parasitism are
higher closer to the forest/agriculture interface than far away from it. The result of this
parallel trend of nest predation and brood parasitism is that approximately 75% of all
nests located within 500m of the agricultural inholding would be lost to predation. Of the
remaining 25% of nests, a little more than half would be parasitized (assuming that
predation rates are similar for parasitized and unparasitized nests) and would likely not
fledge any Acadian Flycatchers. The combined effects of nest predation and brood
parasitism would result in the production of Acadian Flycatcher young in only 10-20% of
nests within 500m of the agricultural inholding.
The modification of land use practices within the agricultural inholding has the
potential to increase the nesting success of birds breeding in the adjacent forest.
Presently, the Hutchins Creek inholding contains a mixture of row crop agriculture
(soybeans, corn, and wheat), exposed soils, and lawns that are perpetually mowed during
the breeding season. This combination of habitats promotes high abundances of nest
predators and Brown-headed Cowbirds. There are a wide variety of land-use practices
that, if implemented, fall along a continuum from having the most detrimental effects to
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providing the greatest benefits for the avian community in the adjacent forest. At one
extreme, the present mixture of land use in the inholding promotes poor nesting success
in the adjacent forest (up to 1,000m away from the inholding) by providing favorable
habitat for nest predators and Brown-headed Cowbirds. This situation could possibly be
made worse by adding a pasture for cattle or horses (likely resulting in even higher levels
of brood parasitism). The other extreme (greatest benefits) would be realized by
converting the land back to forest. Realistic options for conservation efforts in this area
likely lie somewhere between these two extremes.
High rates of nest predation are often found in forests adjacent to soybeans and
corn. There may be cash crops that are less detrimental than soybeans and corn to the
nesting success of forest songbirds. Pastures for cattle or horses provide feeding areas for
cowbirds and, if present, would likely increase levels of brood parasitism in the adjacent
forest. Related to this, the reduction or elimination of mowing, especially during the
breeding season for forest-dwelling songbirds (May-July), would reduce cowbird
foraging opportunities and decrease levels of brood parasitism. Fruit orchards may be a
viable option if there is no mowing during the breeding season and pesticides/herbicides
are not used or used minimally. There is also the possibility for easements to promote the
implementation and maintenance of land-uses that are either neutral or beneficial to the
avian community residing in the adjacent forest.
Ultimately, if just one of these long (8km), linear (100-800m wide) agricultural
inholdings reverts back to forest habitat, there would be both direct and indirect benefits
for forest-dwelling birds. A direct benefit would be that the inholding itself would
eventually become suitable breeding habitat for forest birds as natural succession occurs.
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A secondary (and greater) benefit would be for those birds breeding in forests adjacent to
the inholding. Poor nesting success occurs up to 1,000m into the adjacent forest along
either side of the 8km-long Hutchins Creek agricultural inholding. We predict that the
conversion of the Hutchins Creek agricultural inholding (approx. 320ha) to non-
agricultural land use would result in improved nesting success for songbirds in an area of
adjacent forest habitat that is greater than 5 times the area of the inholding.
CONCLUSIONS
* The bird community differs among the agricultural inholding, the forest/agriculture
edge, and the forest interior in a predictable manner.
* High abundances of Brown-headed Cowbirds, American Crows, and Blue Jays, both
within the agriculture and within the forest near the agriculture, are likely associated
with the patterns of brood parasitism and nest predation we documented.
* Brood parasitism differed significantly among distance categories and was highest
within the first 250m, intermediate between 251 and 500m, and relatively low >500m
into the forest away from the agricultural inholding.
* Daily predation rates differed significantly among distance categories, generally
decreased with increasing distance from the agriculture, were highest within 1,000m
of the inholding, and were slightly higher within 500m of the Pine Hills road and
associated viewing areas.
* The combined effect of nest predation and brood parasitism resulted in Acadian
Flycatcher young fledging from only 10-20% of nests within 500m, and 30-40% of
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nests within 501-1,000m of the agricultural inholding. At these levels of nesting
success, the forest within 1,000m of the agricultural inholding is likely acting as
"sink" habitat.
* It is important to repeat this study in 2000 to verify that the distance effects (decrease
in nest predation and brood parasitism with increasing distance from an agricultural
inholding) observed during the 1999 field season are real and are persistent over time.
* Efforts should be made to work with private landowners and the U.S. Forest Service
to determine acceptable, feasible, and affordable alternatives to: 1) row crop
agriculture; and 2) mowing, grazing, or harvesting areas within the inholding during
the breeding season (May-July).
* If land-use practices change within the inholding (especially to non-agricultural uses),
it will be essential complete a follow-up study to document the corresponding change
in nesting success and composition of the avian community in the forests adjacent to
the inholding.
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